Biochar is known to ameliorate soil fertility and increase crop yield; however, information regarding its effects on soil chemical and biological properties remains limited. The experiment was conducted to study the short-term impacts of different types of biochar on soil C fractions, enzyme activities, and microbial community structure at depositional and eroded landscape positions at different sampling times [before planting, after planting, and after harvesting of soybean (Glycine max L.)]. Three biochar materials, produced from C-optimized gasification of corn (maize, Zea mays L.) stover (CS), ponderosa pine (Pinus ponderosa Lawson and C. Lawson) wood residue (PW), and switchgrass (Panicum virgatum L.) (SG), and dairy manure (DM) and mixture of dairy manure and pinewood biochar (DMP), were applied at a rate of 10 Mg ha −1 to depositional and eroded landscape positions. Data showed that the application of DMP and sole application of DM treatments significantly increased the labile C fractions at the depositional and eroded landscapes. The addition of DM and DMP increased the activities of β-glucosidase and urease enzymes, and those are involved in C and nitrogen cycling at depositional and eroded landscape positions. There were no significant differences between different biochar materials. However, there was an increase in soil microbial community structure in the DM and DMP treatments at both the landscape positions. In conclusion, our study revealed that DMP and sole application of DM influenced the soil labile C pool, enzyme activities, and microbial community structure at both the landscape positions for different sampling times.
Introduction
Biochar is a carbon (C)-rich material produced from biomass through pyrolysis and gasification under limited or absent oxygen, and applied to soil for C sequestration and global warming mitigation (Lehmann et al. 2011; Sheng and Zhu 2018) . It can act as a soil amendment due to its unique properties such as high porosity, large surface area, high micropores, and stability in soil (Liang et al. 2010; Van Zwieten et al. 2010) . Beneficial effects of biochar application on soils include: nutrient cycling, fertility, moisture retention, increased pH, increased soil structure (Atkinson et al. 2010; Liu et al. 2013) , and increased C storage (Yin et al. 2014) . Since it has high stability and contains a stable C compound, biochar can be applied once in the soil as a soil amendment to improve soil organic matter and C sequestration. Furthermore, biochar has about 60% of organic C with high stability, and is more resistant against microbial degradation (decomposition) than plant materials (organic compounds) (Budai et al. 2016 ). The C atoms in the molecules of biochar are strongly bound to each other those limit the access of microorganisms to C which makes biochar resistant to decomposition (Rumpel et al. 2006) .
Manure is another amendment, whose application is also often attributed to enhanced soil physical, chemical, and biological properties with additional benefits such as reduced runoff, increased nutrient cycling, and all these effects can persevere in soil for several years following manure application (Trupiano et al. 2017; Udayakumar and Santhi 2017) . In contrast, manure can decompose rapidly (Torn et al. 2005; Weerakkody and Parkinson 2006) , release nutrients into the soil solution, and contain lower amounts of C than the biochar. In the tropics, rapid mineralization of organic matter is a major limitation on the practical application of organic manure. In spite of the application of manures or compost or other organic materials having positive influence on soil fertility, organic matter is usually decomposed and mineralized very rapidly under tropical conditions (Tiessen et al. 1994) , and thus, only a small portion of the applied organic materials can be stabilized in the soil during long-term (Bol et al. 2000) . Thus, in addition, repeated application of organic manures at high rate and their rapid mineralization and decomposition may make a significant contribution to global warming (Agegnehu et al. 2017; Srivastava et al. 2014) . Realizing such potential environmental and soil degradation issues, research on biochar has progressed considerably with important key findings on C sequestration, soil fertility, greenhouse gas emissions, and agronomic benefits (Van Zwieten et al. 2014) , along with research into biochar manure or compost mixtures as soil amendment (Agegnehu et al. 2015) .
Previous studies on biochar application mostly focused on its use as a soil amendment/conditioner to alter soil physical and chemical properties with less consideration given to its impact on soil biological properties (Paz-Ferreiro et al. 2015) . Biochar application to soil enhances the growth of organisms involved in nutrient cycling in the soil (Craig et al. 2011) . Some recent studies have demonstrated that biochar application could increase soil enzyme activity and microbial community structure (Méndez et al. 2012; Paz-Ferreiro et al. 2014) . Labile biochar compounds have been found to be an excellent source of soil organic matter and inorganic nutrients for soil microbes (Lehmann et al. 2011) . Biochar acts as a refuge-protecting microorganisms form predators (Warnock et al. 2007 ). The pore sizes of biochar may be less than 5 µm in diameter (Glaser 2006) , and so provide passage to bacteria and fungal hyphae, but not their larger predators such as protozoans and mites (Wright et al. 1995) . Due to its unique properties, biochar might be beneficial to distribution of C fractions and improving functions and structure of soil microbial community. However, the impact of biochar application on the soil labile C fractions is poorly studied, particularly from a short-term point of view (Simarani et al. 2018; Zavalloni et al. 2011) . Maintaining an optimum level of soil organic matter and ensuring the efficient biological nutrient cycling are crucial to the success of soil management and agricultural productivity (Vanlauwe et al. 2010) . Beneficial effects of biochar addition on soil biological properties have been documented (Rutigliano et al. 2014 ), but specific effects on the soil enzyme activities and microbial community structure are still poorly explored, particularly with short-term application.
Phospholipid fatty acid analysis (PLFAs) is a useful tool for monitoring the microbial community structure and dynamics in soil (Quideau et al. 2016; Sekaran et al. 2019a, b) . Many studies have suggested that biochar benefits soil microbes by enhancing the physical and chemical soil properties (Atkinson et al. 2010; Lehmann and Joseph 2015) , providing suitable environment for microorganisms that supply substrates (labile C) (Smith et al. 2010) , and protecting the microbes from predation (Pietikäinen et al. 2000) . Mitchell et al. (2015) reported that biochar application increased PLFAs of Gram-positive and Gram-negative bacteria and actinomycetes. Transformation of microbial communities can be associated with the change of nutrient turnover and utilization after the addition of biochar (Nielsen et al. 2014) . However, and in particular, when referred to soil enzyme activity and community structure, these studies are limited to a particular type of soils in the different regions (Ameloot et al. 2013; Gomez et al. 2014; Steinbeiss et al. 2009 ), but not in different landscape positions amended with biochar. The major factors studied by these authors include pyrolysis temperature (Ameloot et al. 2013 ) and biochar concentration (Gomez et al. 2014) . Only a limited number of experiments have been focused to use more than one feedstock. Furthermore, these studies usually do not consider using a large number of biochars with a range of properties to study their effect on soil properties under different landscape positions.
Taking into consideration the aforementioned issues, we hypothesized that biochar and manure application would have a positive effect on soil C fractions, enzyme activities, and microbial community structure. Specific objectives of the present work were thus (i) to study the effect of biochar and manure on selected C fractions and (ii) to investigate the effect of biochar on microbial community structure and enzyme activity of soil under different landscape positions during different sampling times.
3 2 Materials and methods

Site description
The study was located near Brookings, South Dakota (SD) (44°12′36″N, 96°44′23.9″W). The experimental site consisted of two different types of landscape positions, depositional (footslope) and eroded (shoulder). The study was conducted on a Brookings soil (fine-silty, mixed, superactive, frigid Pachic Hapludolls) located in a depositional landscape position and a Maddock soil (sandy, mixed, frigid Entic Hapludolls) located in an eroded landscape position, and treatments were initiated in 2013. Three biochar materials, produced from C-optimized gasification of corn (maize, Zea mays L.) stover (CS), ponderosa pine (Pinus ponderosa Lawson and C. Lawson), wood residue (PW), and switchgrass (Panicum virgatum L.) (SG), and dairy manure (DM) and mixture of dairy manure and pinewood biochar (DMP) were applied at a rate of 10 Mg ha −1 within the top 7.5 cm soil depth and mixed with rototiller to a depositional and eroded landscape position. Manure treatments added in 2014. The experimental plot size was 4.5 m by 6 m, and the cropping system was a maize-soybean (Glycine max L.) rotation for both the landscape positions. The biochar and manure treatments along with control (CNT, no biochar, and manure amendment) were laid in a randomized complete block design with four replications at both the landscape positions.
Production and characterization of biochar
The CS, PW, and SG biochar materials were produced using C-optimized gasification with reactor temperatures ranging from 150 °C to 850 °C and a residence time of 4 h and 4 min (Biochar Solutions, Inc, Carbondale, Colorado, USA). The three biochar types were selected for this study due to their availability and potential to be the bioenergy feedstock in South Dakota, USA. The basic characteristics of these biochar types used in this study are listed in Table 1 . The charred materials were highly alkaline (the pH of CS = 10.0, SG = 10.8, and PW = 9.3) with high ash content (459 g kg −1 , 458 g kg −1 , and 397 g kg −1 ) and C:N ratio of 117:1, 110:1, and 166:1 for CS, SG, and PW, respectively. More detailed information about biochar production and characteristics can be found elsewhere in Chintala et al. (2014) .
Soil sampling and analysis
Soil samples were collected from each plot before planting and after planting of soybean and after harvesting of soybean in 2015 from 0 to 7.5 cm soil depth at both landscape positions. Soil samples were sealed in plastic zip-lock bags, transported to the lab, and stored in a refrigerator at − 4 °C pending analysis.
Chemical fractionation of soil organic C and N
Soil water and acid extractable organic C and N fractions were analyzed using cold and hot water, and acid extraction (1 M HCl) methods. Briefly, 3 g of soil was poured with 30 mL of water and soil was mixed thoroughly with water on a vortex mixer and rotatory shaker for 10 s and 30 min at 40 rpm, respectively. After shaking, the suspension was centrifuged at 3000 rpm for 25 min, and the supernatant was separated from soil using 0.45 μm pore size syringe filters and termed cold-water extractable C and N (CWEC and CWEN) (Gregorich and Janzen 1996). Hot water extractable C (HWEC) was obtained by the method described by Ghani et al. (2003) . Furthermore, 30 mL of distilled water was added to the same tubes to determine hot water fraction. The process involved shaking 3 g of soil with 30 mL distilled water for 12-16 h in water at 80 °C at 80 rpm. After cooling down to room temperature, the suspension was centrifuged at 3000 rpm for 25 min and the supernatant was filtered using 0.45 μm pore size syringe filters. Furthermore, acid hydrolysis was carried out on the soil remaining after hot water extract by adding 15 mL of 1 M HCl to two different tubes to determine one molar acid extractable C fraction (AEC) at 105 °C for 6 h. After the hydrolysis process, the method proceeded the same way as that of CWEC. The concentration of CWEC, HWEC, and AEC was determined using TOC-L analyzer with TN module (Shimadzu Corporation, model-TNM-L-ROHS). 176 ± 1 188 ± 1 233 ± 2 -pH 10 ± 0.03 10.8 ± 0.10 9.3 ± 0.03 9.0 EC (μS cm −1 ) 800 ± 21 550 ± 11 120 ± 14 -Ash content (g kg −1 ) 459 ± 11 458 ± 9 397 ± 5 -CEC (cmole kg −1 ) 24 ± 1 19 ± 0.3 9 ± 0.2 -Total C (g kg −1 ) 480 ± 2 495 ± 5 550 ± 11 393 Total N (g kg −1 ) 4.1 ± 0.05 4.5 ± 0.01 3.3 ± 0.01 16.8 Total P (g kg −1 )
1.9 ± 0.1 2.1 ± 0.2 0.4 ± 0.06 8.0 C/N 117 110 166 23 1 3 2.3.2 Soil enzyme activity analysis 2.3.2.1 Urease assay Urease enzyme (EC 3.5.1.5) activity was assayed using the method provided by Kandeler and Gerber (1988) . 5 g of soil was placed into each of the three 50 mL incubation flasks. Two of them were treated with substrate [2.5 mL of urea solution (720 mM) and 20 mL of borate buffer (0.1 M, pH 10)], and the third one was considered as control (only 20 mL borate buffer were added to it), and flasks were incubated for 2 h at 37 °C. After incubation, 2.5 mL of urea solution was added to control and all the samples with 30 mL of potassium chloride. Samples were allowed for shaking for 30 min on a rotatory shaker and the soil suspensions were filtered using Whatman no. 4 filter paper. After filtering the soil suspension, to determine the released ammonium, 1 mL of filtrate was added with 9 mL of distilled water into a test tube. 5 mL of sodium salicylate-sodium hydroxide solution and 2 mL of sodium dichloroisocyanurate solution (3.91 mM) were added and allowed for 30 min for color development at room temperature. The absorbance of the color was measured at 660 nm using a spectrophotometer and the results were expressed as µmol N-NH 4 + g −1 soil h −1 .
β-Glucosidase assay
The β-glucosidase enzyme (EC 3.2.1.21) activity was determined by the method of Eivazi and Tabatabai (1988) by placing 1 g of soil in three 50 mL Erlenmeyer flasks and 0.2 mL toluene was added in all the flasks, mixed, and left to set for 15 min. Then, 4 mL of 0.05 M modified universal buffer (MUB, pH 6) was added to all the flasks and 1 mL of 50 mM p-nitrophenylβ-d-glucoside (PNG) solution was added to only two flasks, the third considered a control and incubated for 1 h at 37 °C. After incubation, the reaction was terminated by adding 1 mL of 0.5 M CaCl 2 and 4 mL of 0.1 M THAM buffer (pH 12) and 1 mL PNG solution was added to the control flask. Soil suspensions were filtered using Whatman No. 2 filter paper. The formation of p-nitrophenol (pNP) (yellow color) was determined spectrophotometrically at 405 nm. The β-glucosidase enzyme activity is expressed as μmol pNP released g −1 soil h −1 .
Phospholipid fatty acid (PLFA) analysis
PLFA for each sample was determined and expressed in % mol g −1 dry soil by the lipid extraction method (Frostegård et al. 1993) . Briefly, 3 g of soil was extracted in a one-phase mixture consisting of dichloromethane (DMC):methanol (MeOH):citrate buffer (1:2:0.8, vol vol −1 vol −1 ). By adding chloroform and buffer, the extracts were split into two phases, and the lipid-containing phase was dried under a stream of N and stored at − 20 °C. The lipid material was fractionated on columns containing silicic acid into neutral and glyco-and phospholipid-containing polar lipids. The phospholipid fraction was then dried under a flow of N 2 at 37 °C in the fume hood and saved for preparations of fatty acid methyl esters (FAMEs). FAMEs were created through mild acid methanolysis and the resulting FAMEs were separated on a gas chromatograph (GC) equipped with a flame ionization detector. Relative retention times of supposed fatty acid methyl esters were compared with those of standards and methyl nonadecanoate (19:0) were added at the beginning of the extraction process. The total PLFA was calculated with 19:0 as the internal standard. Individual fatty acids have been used as signatures for various functional groups of microorganisms (Bardgett et al. 1999; Bossio et al. 1998; Grayston et al. 2001; Pankhurst et al. 2002; Yao et al. 2000) .
Statistical analysis
One-way analysis of variance (ANOVA) was used to compare the effects of different treatments on soil C and N fractions, enzyme activities, and microbial community structure using the SAS Version 9.4 (SAS 2013). Data were transformed when necessary using the Box-Cox method. Significance was determined at α = 0.05 (McLean 1982) .
Results and discussion
Soil CWEC, HWEC, and AEC
Data on soil CWEC, HWEC, and AEC as influenced by different treatments at depositional and eroded landscape positions are presented in Tables 2, 3, and Fig. 1 , respectively. The treatments did not influence the CWEC at any sampling times at either site (Table 2) . Before planting, DM and DMP (DM + PW biochar) treatments significantly increased HWEC by 43%, 40%, 27%, 24%, 25%, 23%, 23%, and 20% compared with CNT, PW, SG, and CS treatments at the depositional landscape, respectively ( Fig. 1a ). At depositional landscape after planting, DM treatment increased HWEC by 18%, 17%, and 17% compared to CNT, SG, and PW, respectively ( Fig. 1a ). However, after harvest, treatments did not significantly influence the HWEC at the depositional landscape. The DMP and DM treatments before planting at eroded landscape significantly increased the HWEC (258 and 240 mg kg −1 , respectively) as compared to CNT and CS treatments (202 and 202 mg kg −1 , respectively) ( Fig. 1b) . However, after planting, DM treatment increased HWEC more than CS, CNT, and SG treatments at the eroded landscape. Similarly, after harvest, DM treatment at the eroded landscape significantly increased the HWEC more than all other treatments except DMP.
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AEC was significantly influenced by the treatments at both depositional and eroded landscapes at all sampling times (Table 3) . At the depositional landscape before planting, PW and DMP significantly improved the AEC content (13.9 and 13.7 g kg −1 , respectively) as compared to CNT treatment. Similarly, after planting, significantly higher AEC was recorded with PW treatment compared to CNT, CS, and SG treatments. On the other hand, DM treatment after harvest increased the AEC content by 1.28, 1.27, 1.19, 1.16, and 1.15 compared with CNT, PW, CS, SG, and DMP treatments, respectively. Among the treatments at the eroded landscape, significantly higher AEC content was observed with DM treatment (6.59 g kg −1 ) than that with CNT (5.54 g kg −1 ) before planting. After planting, the content of AEC was significantly increased with DM and DMP treatments (8.25 and 8.21 g kg −1 , respectively) compared to the CNT (6.95 g kg −1 ). Similarly, after harvest, higher content of AEC was observed with DM and DMP treatments compared to CNT and CS treatments at the eroded landscape.
Water-soluble organic C fractions are the main source of energy to the soil microorganisms which results from organic matter decomposition (Huang and Song 2010). The higher content of HWEC in soils amended with DM and DMP compared to the sole application of PW suggests a synergistic interaction between biochar and manure, and a positive impact of manure application on the decomposable compound formation that transforms into labile C fractions. This finding was consistent with Bhattacharyya et al. (2012), who showed that addition of rice straw increased soil watersoluble organic C in a tropical paddy soil, and Jiang et al. (2006) , who showed that mulching of rice straw increased water-soluble organic C in an intensively managed subtropical bamboo plantation. Dodor et al. (2018) also observed an increase in labile C fractions with the application of a biochar and manure mixture. The higher amount of watersoluble organic C with the DM and DMP treatment may be due to the addition of more easily degradable organic matter and higher microbial activity. Higher microbial activity accelerates the decomposition of organic matter and increased the water-soluble fractions of organic C (Syarif 2018). Other researchers have also attributed the increased water-soluble C fraction with the application of biochar and manure (Cross and Sohi 2011; Dodor et al. 2018; Zavalloni et al. 2011 ). The addition of DM can provide humus and soil In general, some fluctuations occurred for AEC under all three phases. Data also showed that before planting, values were always higher than after harvest. AEC resulted in the recovery of varying amounts of recalcitrant SOC pool. The AEC fraction was significantly higher with PW and DMP application than with the CNT before planting at the depositional landscape. The presence of thermodynamically stable aromatic organic compounds in the biochar (PW and DMP) might have increased the higher concentration of AEC fractions at depositional landscape position (Baldock and Smernik 2002; Novak et al. 2009 ). The recalcitrant form of C in biochar is highly resistant to microbial decomposition and persists in soil for many years compared to labile C fractions (Lehmann and Joseph 2015; Zimmerman 2010) . The recalcitrant C fraction composition is an indicator of C sequestration in the soils. Application of biochar to soils has been suggested as one method to mitigate increasing atmospheric CO 2 and the associated climate change, as found by Lehmann et al. (2006) . They estimated that the application of biochar could potentially sequester a total of 9.5 billion tons of C in soils by 2100.
Soil enzymatic activities
The data for β-glucosidase and urease enzyme activities under different treatments at depositional and eroded landscape positions at different sampling times are shown in Tables 4 and 5. At depositional and eroded landscapes before planting, the treatments did not significantly influence the β-glucosidase enzyme activity (Table 4 ), but after planting at depositional landscape, DM, PW, and DMP treatments significantly increased the β-glucosidase enzyme activity (51.1, 50.2, and 49.4 µmol pNP g −1 soil h −1 ) as compared to CNT. After harvest, CS and SG treatments increased β-glucosidase enzyme activity by 14% and 5% more than CNT, respectively. At the eroded landscape, a higher concentration of β-glucosidase enzyme activity was observed with DM and DMP treatments (27.3 and 26.4 µmol pNP g −1 soil h −1 , respectively) as compared to CS and CNT treatments (18.7 and 19.7 µmol pNP g −1 soil h −1 , respectively). At harvest, the treatments did not significantly influence the β-glucosidase enzyme activity at the eroded landscape. The urease enzyme activity at the depositional and eroded landscape before planting was not significantly influenced by the treatments (Table 5) . After planting at the depositional landscape, DMP treatment significantly increased the urease enzyme activity compared to the SG and CNT treatments, whereas a higher concentration of urease enzyme activity was observed with DM treatment (40.6 µmol NH 4 -N g −1 soil h −1 ) as compared to CNT (35.1 µmol NH 4 -N g −1 soil h −1 ) at the depositional landscape after harvest. At the eroded landscape after planting, DM treatment significantly increased the urease enzyme activity as compared to CNT, PW, and CS treatments. However, after harvest at the eroded landscape, the treatments did not significantly influence the urease enzyme activity.
Soil enzymatic activities are essential for nutrient cycling and energy transformation. These combine with specific substrates, and catalyze a biochemical reaction (Kandeler 2007) . Biochar addition reduces the soil enzymatic activities, whereas manure increases the soil enzymatic activities associated with ecological processes such as soil C mineralization (Lehmann et al. 2011) . In our study, soil enzymes did not show significant differences among the biochar treatments; however, enzyme activity increased with the manure addition. The decreased activities of soil enzymes under biochar addition compared to manure plots most likely due to sorption or blocking of either enzyme or substrate, presumably caused by excessive biochar porosity and reactive surface area (Jindo et al. 2012 ). β-glucosidase enzyme releases low molecular weight sugars into the soil, which provide energy for soil microorganisms and play a key role in the C cycle. Urease enzyme assists the transformation of nutrients and organic matter in the soil. Biochar and manure application can affect soil microbes involved in nutrient cycling and transformation and act as a C source that effectively improves enzymatic activities in the soil (Lehmann et al. 2011) . The increased activity of β-glucosidase and urease enzyme in DM-and DMP-amended soils at depositional and eroded landscape positions compared to those in CNT soils suggests that DM and DMP application would be a vital strategy to enhance the soil nutrient turnover and fertility. After planting at the depositional landscape, sole PW biochar application also significantly increased the β-glucosidase enzyme activity compared to CNT. The DM and DMP application might have increased the soil substrate availability and microbial activity, which in return can increase soil enzyme activities compared to CNT soils. Increased β-glucosidase and urease activity due to the application of livestock manure has been reported by Zhang et al. (2015) and Francioli et al. (2016) . Our findings showed a positive impact of manure and biochar addition on soil enzymatic activities at depositional and eroded landscape positions. Increase of soil enzyme activities mostly depending on the capacity and metabolic ability of the soil microbial communities to use the substrate provided. As manure contains high substrate C and organic matter, it can provide a rich source of C and nutrients for microorganisms for soil enzyme production. Eivazi and Bayan (1996) also observed that β-glucosidase and urease enzymes activities were effectively correlated with the total microbial biomass with the manure addition.
Soil microbial community structure
Data on soil microbial community structure measured through PLFA analysis for both sampling times at depositional and eroded landscape positions are presented in Tables 6 and 7 . Before planting, the treatments did not After planting at the depositional landscape, the DMP treatment increased the AM fungi (3.81% mol) compared to those under CNT, PW, SG, and CS treatments (2.11%, 2.15%, 2.53%, and 2.60% mol, respectively) ( Table 7) . Significantly higher Gram-negative bacteria concentration was observed with DM treatment than the CNT treatment. At depositional landscape after planting, a significantly higher concentration of fungi was observed with DMP treatment compared to CS, SG, PW, and CNT treatments. The treatments did not significantly influence the eukaryotic, Grampositive bacteria, anaerobic bacteria, and actinomycetes after planting at depositional landscape position. At eroded landscape after planting, the AM fungi concentration was 1.55, 1.43, and 1.43 times higher with DMP treatment than the concentrations under CS, CNT, and SG, respectively. The DM treatment at the eroded landscape significantly increased the Gram-positive bacteria by 17% compared to CNT treatment. DM and DMP treatments significantly increased the fungi concentration (4.94% and 4.71% mol, respectively) at the eroded landscape as compared to CNT treatment (3.26% mol).
Application of biochar would affect the soil physical and chemical properties and, therefore, microbial community structure. Before planting, application of DM significantly increased the Gram-negative bacteria and fungi at the depositional landscape and AM fungi, Gram-negative bacteria, and fungi at eroded landscape position. Application of DMP and DM significantly affected the soil microbial community structure after planting at the eroded landscape, especially AM fungi, Gram-negative bacteria, and fungi concentration. Combined application of DM and PW biochar (DMP) and sole DM application increased soil labile C which acts as a substrate for microbial activity at depositional and eroded landscape positions. Yang et al. (2013) and Elzobair et al. (2016) also reported an increase in soil microbial community structure due to the combined application of manure and biochar. Application of biochar benefits' soil microorganisms by providing a suitable habitat, protecting them from predation, and enhancing soil physicochemical properties (Atkinson et al. 2010; Lehmann and Joseph 2015; Smith et al. 2010 ). On the other hand, DM provides easily degradable organic matter which supply substrate for the growth of soil microorganisms. The positive effect of microbial communities' concentration by organic inputs has been well documented by Das et al. (2017) . Many studies have also documented that the application of manure increased microbial diversity by increasing the labile C pool of the soil, thus improving the living condition and providing a substrate for microbial growth (Helgason et al. 2010; Zhen et al. 2014 ). Compared to Gram-positive bacteria, Gram-negative bacteria were higher in the present study and showed a shift in the community structure. Biochar increased the soil pH due to its alkaline nature, which would lead to the abundance of Gram-negative bacteria compared to Gram-positive bacteria (Feng and Zhu 2017; Murray et al. 2015) .
Conclusions
The present study was conducted to understand the effect of three different types of biochar, and manure applied in the field conditions on soil labile C fractions, microbial community structure, and enzyme activities at two landscape positions under a corn-soybean rotation. Results showed that the application of DM and PW biochar either alone or in combination impacted soil labile C pools, enzyme activities, and microbial community structure at different sampling times; however, differences were not always significant. Soil amendment material played a predominant role in releasing the labile C fractions, particularly HWEC and recalcitrant pools (AEC) at both landscape positions. However, no significant differences were observed between different biochar materials on labile and recalcitrant fractions. Recalcitrant C of biochar persists in soil for longer time compared to the labile C. Our results suggested that the resistance of charred materials to mineralization may probably influenced by biochar properties. Compared to Grampositive bacteria, the Gram-negative bacteria were higher in the present study and showed a shift in the community structure. Overall, this short-term field experiment suggested that compared to CNT, the sole application of DM and DMP application at both the landscape positions enhanced soil labile C, recalcitrant C, enzyme activities, and microbial community structure. The effect of DM application is more pronounced at the eroded landscape than the depositional landscape position. Further field studies are required to determine the long-term changes in soil chemical and biological properties using higher rates and different types of biochar at different soil types.
